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The local environment of the free sul~ydryl groups in plasma fibronectin has been investigated by ESR 
techniques using a series of maleimide spin labels, varying in chain length between the maieimide and 
nitroxide free radical groups, Chemical modification with these analogs does not affect either the CD 
spectra or the cell adhesion activity of the protein molecule. The ESR results show that the free sulfhydryl 
group of plasma fibronectin is in a cleft about 10.5 A in length. The significance of this finding is 
discussed. 
Spin Iabel 
1. INTRODUCTION 
Fibronectins are a family of glycoproteins nor- 
mally present in blood and other body fluids [ 1,2]. 
Plasma fibronectin is composed of two chains with 
specific binding sites for a number of biologically 
important materials, including heparin, fibrin, col- 
lagen, actin, DNA, bacteria and cell surface. It is 
also required for the spreading of a variety of cells 
on solid substrata [3,4]. 
The dimeric fibronectin protein (lM, 440000) 
contains one to two free sulfhydryl groups per 
monomer which can be titrated by DTNB only 
when a chaotropic agent is present [5,6]. We have 
previously described the selective modification of 
these free sulfhydryl groups with a maleimide spin 
label and, based on the ESR observations have 
* Present address: Department of Chemistry, 
Polytechnic Institute of New York, Brooklyn, NY 
11201, USA 
Abbreviations: DTNB, 5,5 ’ -dithiobis(2-nitrobenzoic 
acid); PROXYL, 2,2,5,5-tetramethyl-1-pyrroli~nyloxy; 
TEMPQ, 2,2,6,6-tetramethyl-1-piper~diny~oxy 
ESR Sut~ydryl group 
conciuded that the free sulfhydryl group of plasma 
fibronectin is in a small, confined environment [7]. 
The insertion of maleimide spin labels onto the 
free sulfhydryl groups does not affect properties 
such as the CD spectrum or cell adhesion activity. 
Here, we report a study on the use of a series of 
maleimide spin labels with different chain lengths 
between the maleimide and nitroxide groups to 
characterize the local environment of the free 
sulfhydryl groups in plasma fibronectin. 
2. MATERIALS AND METHODS 
Phenylmethylsulfonyl fluoride (PMSF), ZV- 
tris(hydroxymethyl)methyl-2-aminoethanesulfonic 
acid (Tes) were obtained from Sigma. A series of 
maleimide spin labels, 3-maleimido-PROXYL (I), 
3-(maleimidomethyl)PROXYL (II), 3-(2”maleimi- 
doethylcarbamoyl)PROXYL (III), 3-(3-maleimi- 
dopropylcarbamoyl)PROXYL (IV) and 3-[2-(2- 
maleimidoethoxy)ethyicarbamoyl]PROXYL (V) 
(see fig.1 for chemical structures) were obtained 
from Aldrich. Plasma fibronectin isolated from 
human plasma using gelatin-Sepharose 4B affinity 
chromatography was provided by Dr Gene 
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Hom~~dberg of Mount Sinai Medical Center, 
~~wauke~. The preparations were at least 95% 
pure as determined by 7Yo SDS~~l~a~r~larnide gel 
ele~trophoresis, 
Plasma fibronecti~ was ~herni~I1~ modified 
with maleimide spin label in the presence of 6 M 
urea exactly as in f?]. PMSF, a protease inhibitor 
fl x fOw4 M) was added to all of the buffer solu- 
tions daring protein purification and spin labeling 
procedures. 
The potential effects of spin label modification 
on the structure of plasma fibronectin were deter- 
mined by CD spectroscopy asin 171, The cell adhe- 
sion assay esse~ti~ly as in 141 was used to evaluate 
the biological activities of maleimide spin-ladled 
plasma fibrone~ins. 
All ESR spectra were recorded with a Varian 
Century Line 9 GIIz sp~~ometer operating at 
9.1 GHz. The instruments settings were: field 
sweep, 100 C; modulation ~pIitude, 2.0 Cl; 
microwave power, 10 mW, The cavity temperature 
was 22 rf: 1%. 
The effective rotational correlation time in the 
siow tumbling regime (I01p-1017 s) was estimated 
by comp~ing the experimental ESR spectra with 
simulated spectra [8]. The effective rotations cor- 
relation time in the fast tumbling time regime 
(lo-“’ -10e9 s) was determined using the equation 
given in [9]: 
[l/r = 3.6 x lO~/A~~~{~~~-~~“‘- 11 s-l 
where AHo is the ~eak~to-peak width of the central 
field line (in C) and No and H-r are peak-to-peak 
heights of the ~e~tral-fieid and high-field lines, 
respe~tivel~. 
3. R~S~LTS AND ~ISCUSSIU~ 
When the maleimide spin labels I-V (fig, 1) were 
covalently bound to plasma fibronectin, the ESR 
spectra s shown in fig.2 were obtained. PreviousIy 
we demonstrated that under the experimental con- 
ditions only free sul~ydryl groups are labeled by 
a mal~imide spin label analog with a stoi~h~omet~ 
of 2.8 labels to one dimeric protein [7]. The iacor- 
poration of spin label I into the fibro~e~ti~ 
molecule gives rise to a broad and asymmetric ESR 
spectrum with a m~mum splitting value of 67 G 
at 2F’C (fig.& This spectrum is essent~aIiy ideu- 
tical to that reported previously using maIeimid~- 
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Fig.2. ESR spectra of malei~nide s~i~~~a~~led ptasma 
f~bro~ect~n= I-V correspond to the spin labels in fig.1. 
Protein concentrations were J-0 x 1W6 M (I), 1.2 X 
X0-’ M (II), 0.9 x 10W6 M {III), 1.6 x W6 M (IV) and 
1.5 x 10-‘M (V) in 0.01 M Tes buffer containing 
CL15 M NaCl and 10T4 M PMSF (pH 7.4). Receiver 
gain: (X) 63 x I&, (II) 1 x 105, (IXI) 1 x i05, (IV) 5 x 
IO4 and (V) 4 x 10’. 
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TEMPO [7]. This suggests that there is no dif- 
ference between maleimide-PROXYL (spin label I) 
and maleimide-TEMPO for modification of free 
sulfhydryl groups in plasma fibronectin. Since the 
spectrum of spin label I in fig.2 resembles the rigid 
limit spectrum, it is likely that the nitroxide group 
of spin label I is strongly immobilized and that the 
label is rigidly bound to fibronectin molecule. 
The insertion of a single methylene group bet- 
ween the maleimide and nitroxide groups (see spin 
label II in fig.1) decreases the maximum splitting 
value from 67 to 64 G (fig.2), indicating an in- 
crease in motional freedom of the nitroxide group 
of spin label II bound to fibronectin molecule. As 
the chain length progressively increases (spin labels 
III-V in fig.2) the spectrum becomes narrower and 
more symmetrical, suggesting that the nitroxide 
group emerges from a restricted environment o an 
environment where it rotates relatively freely. This 
result is consistent with the notion that the 
sulfhydryl group of plasma fibronectin is in a cleft- 
like environment. 
A plot of the effective rotational correlation 
times of the spectra in fig.2 vs the chain length 
reveals a break at 10.5 A as shown in fig.3. The 
distance corresponding to this break has been in- 
terpreted as the minimum depth of the cleft 
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Fig.3. Rotational correlation times of the ESR spectra of 
maleimide spin-labeled plasma fibronectin vs the chain 
lengths, d, of the spin labels. The data points, indicated 
by I-V, correspond to the spin labels in fig.1. 
[ 10-131. The sulfhydryl group of fibronectin is 
therefore probably in a cleft about 10.5 A deep. A 
schematic diagram of this sulfhydryl containing 
cleft is proposed in fig.4. 
Plasma fibronectin is one of the essential com- 
ponents in serum that are required for cell 
spreading. Recently we developed a cell adhesion 
assay based on the quantitation of spreading of 
Chinese hamster ovary (CHO) cells on fibronectin- 
coated microcarriers [4]. The promotion of 50% of 
cell spreading on plasma fibronectin-coated 
microcarriers requires about 3.4 x 10’ fibronectin 
molecules per bead. Using such an assay, we found 
that all spin-labeled fibronectins (I-V in fig.2) pro- 
moted the spreading of CHO cells as effectively as 
the control protein (not shown). The cell spreading 
activity of plasma fibronectin is apparently not af- 
fected by the introduction of maleimide spin label 
regardless of chain lengths. We also carried out 
CD studies to determine the effects of spin label 
modification on the secondary and tertiary struc- 
ture of fibronectin molecules and found that the 
insertion of spin labels I-V had no measurable f- 
fect on both near- and far-UV CD spectra (not 
shown). This result is consistent with our previous 
CD observations on spin-labeled and control 
fibronectins [7]. It is concluded that the functional 
and structural integrity of the fibronectin molecule 
is preserved under the conditions used in this 
study. 
Human plasma fibronectin contains one to two 
sulfhydryl groups per monomer which are located 
Fig.4. Schematic diagram of the local environment of 
free sulfhydryl group in plasma fibronectin. 
285 
Valume 173, n~rnb~r 2 FEBS LETTERS August 1984 
286 
